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Abstract 
In this work, in order to investigate the impact of substrate temperature on structural and optical properties of CdTe thin films, four 
specimens with different substrate temperatures (100, 200, 300 and 400 ºC) were prepared. Structural and optical properties of the 
samples were systematically studied by X-ray diffraction (XRD), Atomic Force Electron Microscopy (AFM) and UV-Vis 
spectrophotometer techniques. XRD studies revealed the cubic phase for the deposited samples. AFM images of the specimens 
showed the increment of grain size upon substrate temperature increase. The results show that the substrate temperature has an 
important role in tuning the optical properties of nano-crystalline structure of the samples. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The CdTe films are under intensive attention due to their application in infrared detectors, solar cells and light-
sensitive conductors, Sathyamoorthy et al. (2003). The reasonable price, proper band gap and high absorption 
coefficient in the region of the visible spectrum have turned CdTe to a great candidate for the construction of solar 
cells. There are several methods employed to fabricate thin layers of CdTe such as sublimation in closed space, electro-
deposition, metal organic chemical vapor deposition, vacuum deposition, Gunjal et al. (2014), Subhash Chander and 
Dhaka (2015), Mathew et al. (2004), González et al. (2015), Chu et al. (1992), etc. Among these, the vacuum 
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evaporation method is less sophisticated and easy to run; also the layer will be less exposed to oxidation, Siyanaki et 
al. (2015). In this paper, the investigation of the structural and optical properties of the cadmium telluride layers 
dependence on the substrate temperature and its impact on the quality of the crystal are reported.  
2. Experiment Method 
Thin layers of cadmium telluride were produced by thermal evaporation in a Hind Hi Vac coating unit (Model 
15F6) under vacuum condition. Base pressure of the vacuum chamber was about 5 × 10-6(torr). CdTe powder of 
99.99% purity, supplied by Aldrich Company, was evaporated from a molybdenum boat. Deposition rate was 
measured and controlled in situ using Hind HiVac thickness monitor (Model DTM101). Typical growth rate and layer 
thickness were 10 Å/s and 300 nm respectively. To investigate the substrate temperature effect on structural and 
optical properties, four samples were produced at different substrate temperatures of 100, 200, 300 and 400 °C. The 
samples were respectively labelled as A, B, C and D. 
3. Results and Discussion 
3.1. Structural Analysis  
Figure 1 represents the x-ray diffraction (XRD) patterns of cadmium telluride layers prepared at different substrate 
temperatures of 100, 200, 300 and 400 °C.  
 
 
Fig. 1. XRD patterns of samples A, B, C and D. 
Three peaks at about 23.75, 39.25 and 46.3 degrees corresponding to diffraction peaks from (111), (221) and (311) 
planes with cubic phase structure are observed. In all the XRD patterns the preferred direction of the sample is [111], 
which is related to the zinc blende structure, Ashour et al. (1995). The figure also indicates that the peak intensity in 
all the specimens increase upon increasing the substrate temperature. This is reverse in the case of peak width. It may 
be attributed to the formation of crystallites with larger size due to the increase in mobility of atoms, Sathyamoorthy 
et al. (2003), Purcek et al. (2008). The parameters obtained from XRD studies have been presented in table 1. The 
crystallite size of the samples (D) is calculated by Debye-Scherer formula, Siyanaki et al. (2015). 
ܦ ൌ ଴ǤଽOఉ௖௢௦ఏ                                                                                                                                               (1) 
Where, O is X-ray wavelength equal to 1.5416Å, β is peak width at half-maximum and θ is the Bragg angle. The 
dislocation density (σ), deﬁned as the length of dislocation lines per unit volume, has been estimated using equation 
(2), Dhanam et al. (2008). 
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ߪ ൌ ଵ஽మ                                                                                                                                                      (2) 
The strain of the films were determined with the use of the following formula, Dhanam et al. (2008). 
ߝ ൌ ߚ ௖௢௦ሺఏሻସ                                                                                                                                              (3) 
It is found from table 1 that by increasing the temperature of substrate, samples’ internal tension is reduced. 
Therefore, one can deduce that the increase in substrate temperature up to 450 °C has led to better crystallinity of the 
layers. The same behavior in CdTe film prepared by e-beam technique has been reported by Begum et al. (2013). 
3.2. Atomic force microscope  
Figure 2 shows the Atomic force microscope (AFM) images of cadmium telluride thin layers prepared at substrate 
temperatures of 100, 200, 300 and 400 °C. All the images reveal the formation of columnar pattern. 
 
 
Fig. 2. AFM images of samples A, B, C and D. 
Table 1. Surface and structural parameters of the samples A, B, C and D. 
ε 
Lin-2 m-2 








Ra(nm) Rrms(nm) sample 
0.10850 3.080 18 0.444 49.94 2.963 3.706 A 
0.06500 1.620 24 0.270 53.64 3.482 4.398 B 
0.06213 0.976 32 0.254 73.35 4.363 5.509 C 
0.05185 0.692 38 0.212 109.6 5.543 6.994 D 
 
Table 1 represents the parameters obtained from AFM and XRD analysis of the specimens. The Rrms and Ra 
parameters are the root mean square and average of column height, respectively. It is quite clear that with temperature 
increment, the roughness of the samples as well as the mean grain size has increased. Direct correlation between grain 
size and substrate temperature has been reported by Ali et al. (2003).  
3.3. Optical Analysis 
Figure 3 represents the transmission and absorption coefficient spectra of the samples prepared at 100,200.300 and 
400 °C. In fig. 3a a moderate slope up to 750 nm followed by a sharp change in the transmittance curve vs wavelength 
is observed in all the specimens. This figure also reveals the absorption edge as well as the band gap of the specimens. 
In fig. 3b, absorption coefficient of all samples has been presented as a functional of wavelength using equation 4.  
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Fig. 3.(a) Diagram of transmittance; (b) absorption coefficient versus wavelength for the samples A, B, C and D. 
According to this result, the absorption coefficient of the layers is about 5×104 /cm which indicate that the samples 
have direct transmission band gap. 
Figure 4 shows the variation of (αhν)2 vs. photon energy (hν) for all the samples. 
 
 
Fig. 4.  (αhν)2 vs. photon energy (hν) of samples A, B, C and D. 
The direct band gaps are estimated to be 1.495, 1.497, 1.501 and 1.561 eV for samples A, B, C and D respectively. 
The reduction of band gap observed in figure 4 is due to increment of grain size of the samples.   
4. Conclusion 
The thin layers of cadmium telluride are made on glass substrate at different substrate temperatures using thermal 
evaporation technique. The XRD spectra of the specimens revealed their cubic phase. The AFM images of the film 
surfaces showed that increasing substrate temperature led to increment in the grain size which is in accordance with 
the XRD findings. The images also showed that the surface roughness decreases with increasing the substrate 
temperature. The band gap energy of the specimens was found to decrease with increasing the substrate temperature. 
Hence we conclude that substrate temperature can be used to tune the optical properties of CdTe films.  
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